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Introduction
T he allocation of resources to research on, and conservation of, the various taxonomic groups is influenced by the interests of society (Wilson et al., 2007) and public opinion. In the USA, for example, birds, mammals and fish have a more positive social image than reptiles, amphibians, invertebrates or micro-organisms amongst the general public (Czech et al., 1998) . Multiple factors are needed to explain how humans assign value to species: complexity, size, accessibility, degree of anthropomorphism, edibility and cultural influences (Wilson et al., 2008) . One possible factor is phylogenetic distance between each group and the human lineage, which can be measured, for example, by the age since divergence. An inverse relationship exists between the number of scientific articles per species and phylogenetic distance from humans (Wilson et al., 2008; Martin-Lopez et al., 2009) .
These factors result in a taxonomic bias in scientific research and conservation activities, which becomes evident when looking at the distribution of articles in journals dealing with conservation biology and related fields (e.g. behaviour, ecology and evolution). Vertebrates, especially mammals and birds, are greatly over-represented relative to their number of species (Bonnet et al., 2002; Clark & May, 2002; Báldi & McCollin, 2003; Fazey et al., 2005; Lawler et al., 2006; Martin-Lopez et al., 2009) . Taxonomic bias also pervades reintroduction programmes (Seddon et al., 2005) but, to our knowledge, no previous research has examined whether the proportions by taxon of conservation projects and the reporting of them in the literature correspond.
Conservation practitioners and scientists need to remain up to date with the conservation literature. Beyond taxonomic bias they face two other challenges: the quantity and scatter of the literature. Science is in an era of accelerated information accrual (Carneiro et al., 2008; Howe et al., 2008) . During the 20th century the number of peerreviewed academic journals grew continuously, with an annual growth rate of 3.3-4.7% (Mabe & Amin, 2001 ) and the number of scientific articles increased concomitantly (Garfield, 2007) . This information accrual is also occurring in conservation biology (Lawler et al., 2006) .
Literature relevant to a subject can be scattered across many sources (Garg et al., 2006) . Bradford's Bibliometric Law states that 'for any given discipline, if scientific journals are ranked in order of decreasing number of published studies, then the journal scatter can be characterized into a nucleus of a small number of journals particularly devoted to the subject, and then subsequent circumferential zones containing the same number of studies as the nucleus but published over an increasing number of journals ' (Garg et al., 2006) . Article numbers in the nucleus and succeeding zones will be as 1 : n : n 2 (Bradford, 1934), 1 : n being the proportion of papers published in the first and second zone. 'For example, when a ranked journal list is divided into three zones with an equal number of studies in each zone, the number of journals in the nucleus (first zone) and two succeeding zones (second and third zone) follows a distribution of 1 : n : n 2 ' (Garg et al., 2006) . To examine the prevalence of these problems in conservation biology we took the topic of animal reintroductions as an example. We addressed several questions. To examine taxonomic bias we compared the taxonomic distribution of the reintroduction literature (1) with numbers of reintroduction programmes across taxa, and (2) with the proportions in the general conservation literature. Then, to investigate the quantity and scatter of the literature on animal reintroductions we examined (3) the extent of the published literature, (4) the number of new publications per year, (5) the distribution of publications according to their type (journal articles, conference proceedings, books, etc.), (6) the distribution of articles across journals, (7) whether this distribution follows Bradford's Bibliometric Law, and (8) the 10 journals publishing the most articles on reintroductions.
Methods
We collected literature following a protocol designed for a systematic review of the factors affecting the success of animal reintroductions (Bajomi, 2007) . We attempted to search the relevant literature exhaustively using online databases and catalogues, and also included bibliographies and BB's collection of reintroduction articles.
Search strategy
Searches were performed in eight online databases and catalogues (Table 1) , with the citations retrieved from each search recorded in an EndNote (Thomson Reuters, New York, USA) database. Searches used English search terms (Table 2 ) and covered published literature to February 2008. As Seddon et al. (2007) found that the four top journals for reintroduction-related articles were Biological Conservation, Conservation Biology, Journal of Wildlife Management and Oryx, these journals were searched separately for the term 'reintroduction' in Web of Science. The 'times cited' option in ISI Web of Knowledge was used for three highly cited articles (Griffith et al., 1989; Short et al., 1992; Snyder et al., 1996) to retrieve relevant articles citing these articles.
The following inclusion criteria were applied by reading titles and abstracts: (1) relevant subject(s): locally extinct animal species (invertebrates, amphibians, reptiles, birds and mammals), (2) types of intervention: reintroductions for conservation purposes, including captive breeding, relocations and translocations, and (3) types of study: all studies presenting primary data about a relevant subject and intervention as well as relevant secondary and theoretical studies. Articles not meeting these criteria were excluded from the database.
Bibliographies
We integrated into the database the following bibliographies: (1) the 454 peer-reviewed articles published during The 26 volumes of Re-introduction News (the publication of the IUCN Reintroduction Specialist Group) were treated separately. Total number of pages, number of articles per year and total number of articles for each taxonomic category (invertebrates, fish, amphibians, reptiles, birds, mammals and articles dealing with several taxa) were tallied. Only reports on reintroduction programmes were included from Re-introduction News.
In the final database all duplicate references were removed. Most of the database entries were for English publications, with a small number of French, Spanish, German and Hungarian references that came mostly from the bibliographies. All references were grouped in EndNote according to taxonomic category (invertebrates, fish, amphibians, reptiles, birds, mammals and articles dealing with several taxa) and reference type (book, book section, conference paper, electronic source, journal article, magazine article, manuscript, newspaper article, report, specialist newsletter article, thesis, and other).
Data analyses
We calculated descriptive statistics to examine the extent and distribution of the literature. To examine whether the scattering of journals was specific to this area or followed a more general pattern, we used Bradford's Bibliometric Law (Bradford, 1934) . We divided all the articles into three zones, each with approximately equal numbers of articles and examined whether the resulting ratio of journal number is close to the predicted distribution of 1 : n : n 2 . To compare the taxonomic distribution of reintroduction articles with that of wild species, the general conservation literature, and reintroduction programmes, we used a v 2 analysis. We calculated Pearson residuals for each group to indicate the direction of bias following the methods of Seddon et al. (2005) .
Results

What is the extent of the reintroduction literature?
The final database contained 3,826 publications related to animal reintroductions. Summing the total number of pages of the references indicated that the extent of this literature is at least 29,290 pages (articles with no page number information in the bibliographies were assumed to have one page and thus the sum is an underestimate.) A part of this body of literature is not purely scientific because 14% of the references come from magazine articles (e.g. BBC Wildlife), and books and specialist newsletters vary in their level of scientific ambition (see below).
Before the 1960s publications on reintroduction were scarce but started to increase by the end of that decade. Exponential growth is evident up to a peak in 1995, with 244 publications in that year. Since then the annual number of publications has varied but almost every year . 100 items are published. The growth of this cumulative body of literature can be depicted by a sigmoid curve (Fig. 1) .
Where is the literature published?
We divided the literature into 12 categories ( Table 3) . The largest category, accounting for 38% of the publications, is scientific journals. The majority of the specialist newsletter articles were published in Re-introduction News. There was also a large number of magazine articles from periodicals such as BBC Wildlife and New Scientist (most of these references were imported from Soorae, 2002).
Scientific journal articles were scattered across 335 journals (Fig. 2) . About half (51%) of the articles were published in 20 journals and the remaining in a further 315 journals. Examining conformity to Bradford's Bibliometric Law, Zone 1 contained seven journals (497 studies), Zone 2, 43 journals (482 studies), and Zone 3, 285 journals (467 studies). The resulting ratio of journal number is 1 : 6 : 41, close to the distribution of 1 : 6 : 6 2 (i.e. 36) predicted by Bradford's Law.
The top 11 journals for reintroduction studies are presented in Table 4 (we present 11 because the 10th and 11th had the same number of articles). The first four journals are the same as those identified by Seddon et al. (2007) .
Is the literature taxonomically biased?
As we expect from previous reviews of the reintroduction literature there is a significant difference between the taxonomic distribution of known animal species and reintroduction-related publications (v 2 5 273,929, df 5 5, P , 0.001; Table 5 ). Nearly half of the publications dealt with mammals and 27% with birds (Fig. 3) . Only 3% concerned invertebrate reintroductions despite the fact that the overwhelming majority of animal biodiversity comprises invertebrates, especially insects (IUCN, 2008) . When looking at two subsets of our database: journal articles, books and book sections together and the grey literature category comprising all other types, it is evident that journals and books tend to publish more on general reintroduction topics and are less prone to this bias than the grey literature (Fig. 3) .
Two separate elements result in this bias. Firstly, the bias towards vertebrates in the number of reintroduction projects (Seddon et al., 2005) . Secondly, the significant bias between the distribution of projects and that of related publications (v 2 5 789, df5 5, P, 0.001; Table 5 ). A disproportionately small number of projects is undertaken on invertebrates but an even smaller number is published. The resulting overall bias is significantly greater than that found by Clark & May (2002) in the general conservation biology literature (v 2 5 727.28, df 5 5, P , 0.001; Table 5 ). Mammals are more represented in reintroduction publications than in the overall conservation literature, whereas the proportion of articles on other reintroduced taxa is lower.
Discussion
Extent of the literature
Our data show that a large amount of literature has been published on reintroductions and that it is scattered amongst many journals, books, conference proceedings and other types of literature. It is therefore difficult for conservation biologists and practitioners to follow the growth of the literature relevant to conservation interventions. As conformity to Bradford's Law indicates, scanning the top seven reintroduction journals regularly will reveal only one-third of the journal articles published on the topic. The remaining studies are found in a wide range of journals (Garg et al. 2006) .
The level of importance of various kinds of publications for conservationists is variable: ideally, managers should search for and read quality-assured outputs and specialist newsletter articles rather than other types of literature.
Unfortunately, however, managers often lack access to the peer-reviewed literature and thus have to rely on other sources of information.
There is also a degree of redundancy in the outputs: a conservation programme can yield a report, a conference abstract, a popular science piece, a newsletter article, a manuscript and a peer-reviewed article but only the last one should be used to obtain the appropriate qualityassured information. However, many programmes do not produce peer-reviewed articles and in these cases practitioners again have to rely on other sources.
To help conservation managers and to examine the effectiveness of conservation interventions, reviews and synthesis of evidence are needed, with the results available to practitioners. The regular production and dissemination of systematic reviews, a method already widely used in the health services, has been proposed as a solution to these problems (Pullin et al., 2004; Pullin & Stewart, 2006) .
Growth of the body of literature
There is a marked difference between our estimate of the growth of the literature (with a peak in 1995 and a decrease thereafter; Fig. 1 (2007) took into account only peer-reviewed articles, and when we examined only the peer-reviewed subset of our database we found the same exponential pattern. The difference between the two studies therefore comes from the non-peer-reviewed literature, found mostly in the bibliographies that we integrated into the database. This can perhaps be attributed to the fact that the bibliographies covered different time periods. Whilst bibliographies are important because they uncover articles that remain unnoticed when only search engines are used, the temporal distribution of their references can be biased. 
Taxonomic bias
The overwhelming majority of publications on reintroduction deal with mammals and birds. This bias has arisen because both the selection of species for reintroduction and publication of the results are biased. The bias towards mammals and birds is explained by the social image of different taxa. The second element of the bias has not previously been reported and is more difficult to interpret. A number of questions arise from this that require further research: Are managers working with insects and amphibians less willing and/or less able to publish their results? Are there more reintroduction failures for these taxa? Are there fewer taxonomic specialist publication outlets for work on these taxa? Does the preponderance of mammalogists and ornithologists compared with entomologists or herpetologists influence the likelihood of specialist involvement in reintroduction research? A possible explanation is that editors and peer reviewers disfavour some taxa in an unconscious process described as taxonomic chauvinism (Bonnet et al., 2002) . Bonnet et al. (2002) demonstrated that studies on ectothermic vertebrates (i.e. fish, amphibians and reptiles) have to be framed more conceptually than those on endothermic vertebrates (birds and mammals) for a similar probability of publication, most likely because reviewers are biased towards their own study organisms.
Evaluation of subject organisms has been used as a proxy measure to quantify research bias in conservation (Clark & May, 2002) . Our results show that this proxy displays the general trends, but not the exact proportions, because it is biased itself. The scientific literature of journals and books is less prone to bias than grey literature.
Language and outcome bias
It was beyond the scope of our research to cover the literature extensively in languages other than English. The publications we collected in our database constitute the most visible part of the international literature, English being the language of international scientific communication. But significant publications do exist in other languages; therefore, even the large number of publications that we located is probably an underestimate. Language bias is well documented in medicine (Scholey & Harrison, 2003) but has received little attention in conservation science.
It has been demonstrated in medicine that clinical trials with positive results were more likely to be published than those with negative results (Easterbrook et al., 1991; Lee et al., 2008) . A similar bias also occurs in ecology and evolution (Jennions & Moller, 2002; but see Koricheva, 2003) . Outcome bias probably also occurs in the conservation literature because managers of successful programmes are more willing to publish their results than those failing to achieve their objectives (Teixeira et al., 2007) .
Partly because of these biases many conservation projects remain undocumented or poorly documented in the published literature (Fischer & Lindenmayer, 2000; Standovár, 2001; Márkus, 2004; Pullin et al., 2004) . Different kinds of publications represent different levels of difficulty for the publication of data on a conservation programme. This can affect the process of systematic or other reviewing, which makes it more difficult to detect general trends and formulate new theories. It is important, therefore, to publish the results of every conservation programme. The situation would improve if funding bodies required recipients of funds to evaluate and publish the results of management actions. This would help overcome taxonomic bias as well, coercing managers working on taxa less apparent in the literature to publish their results.
TABLE 5 Number of reintroduction-related articles across six taxonomic groups, and the distribution of described species, reintroduction projects and conservation publications across the same groups. Numbers of publications expected were calculated from the total number of publications and the relevant distribution. Absolute residuals are the differences between observed and expected numbers. Pearson residuals are standardized for direct comparison across taxa, and squares of Pearson residuals were used to calculate the v 2 values (see text for details, and Seddon et al., 2005) . A group having a positive residual is over-represented in the reintroduction literature, whereas a negative residual indicates under-representation. The total number of publications is less than the number mentioned in the text and 
Conclusions
There is a bias towards mammals and birds in the publication of the results of reintroduction programmes, and further research is needed to clarify the drivers behind this bias. Despite the growth in the number of reintroduction projects, the dispersed and biased nature of the literature means that we may be failing to accumulate a reliable evidence base to underpin decision making. To assure a reliable picture of conservation activities, managers should try to publish the outcome of every programme and editors and peer reviewers should lessen the bias in their journals. When attempting to review and synthesize the accumulated literature it is important to be aware of biases, such as those we have documented here, and to account for them in review methodology. 
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